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ADHESIVENESS  OF  POWD-IS ,  AND  ITS  APPLICATION 
IN  THE  DETS8Mi:;.v::.ON  OF  GRAIN  SIZE 

bv 

*r 

Prof.  Dr.  E.  Craaer,  Dr.  F.  Conrad,  T.  Kraus 
Institute  of  Physical  Chemistry  of  the  University  of  Innsbruck 

Anqewandte  Chca5.e.  Vol  64,  1952 

No  1,  pp  10-11. 

Tli©  adhesion  of  powders  to  a  solid  base  is  determined,  in  addition 
to  the  grain  size,  also  by  a  constant  which  is  characteristic  of  the 
material. 

*  <= 

A  plate  covered  with  powder  nay  be  inclined  up  to  a  given  angle 
when  the  powder  slides  off  by  itself,  as  a  whole,  and  all  at  once,  Fig.l 
shows  the  force  parallelogram  where  at  the  moment  of  sliding  off, 

K  =  L  (1) 

On  the  basis  of  the  classical  Coulomb  theory  of  adhesive  friction  L  is 
equal  to  the  frictional  force  R,  and 

R  =/W.N  a  .  g  .  cos  /'  (2) 

(where  jx  =  coefficient  of  friction,  g  -  acceleration  due  to  gravity, 
m  *  mass  of  powder).  As  can  be  seen  from  the  figure, 

K  *  m  .  g  .  sin  ^  (3) 

thus  wo  get  from  (1),  (2)  and  (3): 

m  *  g  •  sin  ;  =  >x  ,m  .  g  .  cos  (4) 

and  from  this, 


A  =  tan  £ 
1 


(5) 


Vihen  m  is  varied  by  char.--  .nj  the  thickness  of  the  powder  layer 
on  the  plate,  there  is  obtained  .‘or  m  .  g  .  cos  -J  and  a  .  g  .  sin  <f 
a  whole  series  of  values  which,  .hen  plotted  against  each  other,  give  a 
straight  line  passing  through  tho  origin  and  having  a  slope  ^  ,(1) 


Fig.l 

fig ,2  shews  such  a  series  of  measurements  for  dolomite  powder 
of  relatively  large  grain  size  in  which,  as  is  seen,  conditions  (4)  and 
(5)  are  satisfied. 


Fi£.2  , 

Dolomite  Powder,  400  to  500  •  10"**  cm 

In  the  case  of  fine-grain  material,  however,  the  behavior  is  re¬ 
presented  by  Pig.3.  The  values  again  lie  on  a  straight  line  which, 
however,  does  not  pass  through  the  origin  but  intersects  the  ordinate 
at  a  given  height  9*  ^enoe,  in  this  case,  instead  of  Eq.(4),  we  must 
write: 

m  .  g  .  sin  ip  =  .  m  .  g  ,  cos  (p  +  E  (6) 


(1)  CfT  P.  Conrad,  £.  Cremer  and  T. Kraus,  Radox  Rurv^hau  (Radox  Review) 
1951  (in  press),  as  well  as  the  discussion  of  adhesive  friction  in  H. 
Donsndt,  Z.Ver.Dtsch.Ing.  80,  82l  (193&)  and  the  literature  cited  therein. 
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V—  there  arises,  ia  addition  to  the  friction,  also  an  adhosive  force. H. 


V. _ 1  _ I . . . . . L_ 

_0  100  SOC  '00  070  500  600 

22131  g  ccs  <p - — - 


Fig.3.  k 

Dolomite  Powder,  75  to  88  .  10  cm 

In  the  case  cf  a  sufficiently  small  amount  of  powder  the  angle 
of  inclination  rises  above  90° •  The  limiting  value  of  m  at  which  the 
powder  'ust  slips  off  at  90°  is  calculated  from  (6)  by  substituting  90 e 
for  s 

a  *  H  /  2  (?) 

In  this  way  the  significance  of  A  co comes  very  clear:  H  is  a  measure 
of  the  neximum  amount  (m)  which  ..-.ay  adhere  to  the  plate  when  the  latter 
is  rotated  by  90°,  without  falling  off. 

The  adhesive  force  is  inversely  proportional  to  the  grain  dia¬ 
meter  d  (cf.  last  column  of  the  Table).  Further,  H  is  proportional  to 
surx'ace  area  F,  so  that 

H  ■  h  .  (?/d)  (8) 

whore  h,  whose  dimension  is  that  of  surface  tension  (dyn/cra),  is  de¬ 
noted  as  adhesive  stress. 

The  adhesive  force  H  defined  according  to  (8)  also  contains  p,  an 
instrument  constant.  This  may  be  avoided  when  total  moss  m  of  the  powder 
is  replaced  by  mass  mg.  the  average  mass  of  a  grain  in  contact  with  the 
surface.  Then, 

mg  *  (m  .  d2}/ F, 
and  Eq.  (6)  acquires  the  form: 

mg  *g  •  sine®  ».  mg  •  g  •  coayf+  Eg. 
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The  corresponding  echo Give  force  for  one  grain  is  then: 

which  no  longer  contains  the  ter..  We  have,  however,  preferred  the 
first  formulation  since  it  conta  a.;  only  the  two  values  m  and  rp  neaovn'cd 
directly  in  the  experiment. 

Using  dolczito  powders  ho.  i..g  grain  sizes  75-88  ,10**^  ca  and  150-200 
•  10-4  cm  grain  diameter,  tho  va.  a  of  the  adhesive  stress  obtained  was 
0.99.  The  following  table  gives  .  ~aune  of  the  results  obtained  with 
magnesite  powders,  decomposed  magnesite  as  well  as  iron-  and  molybdenum 
powucri 


©- 

(£)' 


Material 

,  iiT 

d  :  Wr.. ..... 

Kornjjroflc  „ 

[1]  10"‘cm  I  .  , 

I  fuynj 

— ~yv — 

H!)  3  =  ’ 

p  -  |  H-d 

;  1  d1 
i  “*  ”  1 

Majncalt 

200-300 

V  I 

:\\i  ;  0,07  2,8 

150-200 

1**0 

:.»>  0.1*0  2,8 

88—15' 

..  235 

83  ■  0,90  2,8 

75—  88 

,,  330 

llo  '  0.05  2,7 

60—  75 

•*  M3 

l*Vi  1,14  3,2 

200—300 

Magi.  ii'.  •  /,■;''/)  100 

29  0,72  :  2,5 

150  —200 

,.  uo 

40  0,70  2,5 

88—150 

„  210 

00  i  0,72  i  2,5 

75—  88 

„  .  310 

89  :  0,72  :  2.5 

60-  75 

„  360 

103  0,70  2,4 

200  -300 

Nic*<<*  3,**»3}  j  105 

27  *  0,00  '  2,6 

150—200 

„  ,  150 

30  ;  0,00  2.0 

88-150 

„  220 

57  0,68  i  2,6 

75-  88 

,.  :  320 

84  !  0,08  :  2,6 

• 

60-  75 

„  ,  300 

102  I  0,60  2,6 

Abgebauur  Majjnc.it, 

Abbautc.-..;  cr„tur  500*  C 

!  i 

i 

150-200 

Ola  *(1.8-;)  40 

14  j  0,25  1  0,7 

60  —  70  |  i  105 

37  |  0,25  0,7 

| 

150—200 

Glas  (2,8-i;  55 

10  .  0,34  ,  1,0 

60—  75 

,.  UO 

49  1  0,33  1,0 

Hamatac-EJxnpulver 

i  | 

100—150 

Glas  (J.b*;)  >  U/ 

60—100 

..  80 

28  |  0,23  1  0.6 

<60 

2no 

102  ;  -  *  - 

150—200 

Nickel  15 

4  !  0,07  i  0,2 

100-150 

20 

5  j  0,00  0,2 

60-100 

..  30 

8  1  0.06  0,2 

<00 

..  no 

29  -  - 

Molyb  .Quiver 

(  ‘ 

1 

11 

MolvU*-  .i  ,  ■  1400 

350  0.36  i  1,5 

2,6 

,.  6100 

1525  ;  0,36  j  1,5 

Table  1 

1)  Decc.  position  Temperature  2)  Grain  Size  3)  Support  4)  Adhesive 
Force  5)  Adhesive  Stress  6)  Glass  ?}  Decomposed  Magnesite,  Decomposition 
Temperature  500°C.  8)  Haaetag  Iron  Powder  9)  Molybdenum  Powder  lo)  Molybdenum 

[For  footnotes  2}  and  3)  in  Table,  see  next  page]. 
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Because  of  the  dependence  of  the  isive  force  on  particle  diaswbar,  shown 
in  the  list  column  of  ahe  table,  :•  w  possible  to  dotermine  the  particle 
diazotoz  of  a  powder  from  the  an.  oo^ve  force,  when  the  adhesive  strcs3 
is  known. 

In  the  case  of  a  mixture  of  two  powders  of  which  behaves 
in  accordance  with  Coulomb's  tncorem  of  friction  (Fig. 2)  (=  non-adhesive 
powder),  and  the  other  possesses  an  adhesive  force  (=  adhesive  powder), 
the  adhesive  forco  resulting  upon  mixture  is  shown  in  Fig ,4;  this  adhesive 
force  is  very  close  to  that  calculated  from  tho  perceatual  composition 
of  the  adhesive  powder.  In  this  case  one  can  determine  only  an  uppor  limit 
fur  who  particle  cu.*u«ewor  of  the  adhesive  powder. 


Fig.4.  Adhosive  Force  in  the  Case  c>;'  .Mixtures  of  Adhesive  and  Non-Adhesive 
Dolomite  Powder.  1)  Adhosive  Forco 
2)  Compo  sztzon  of  Mixture 

The  behavior  of  a  mixture  of  -;we  adhesive  powders  is  different. 

Eero  the  measured  adhesive  force  agrees  with  that  calculated  after  Eq. (8) 
within  the  accuracy  of  ncaaurcm^  s  (_*cr  d  in  this  case  wo  use  tho  average 
grain  diameter  calculated  according  mo  the  rule  of  mixtures) (Fig .5)* 

This  agreement  is  of  great  practical  significance,  since  the  powdors  en¬ 
countered  in  practico  are  almost  never  of  uniform  particle  else*  Inde¬ 
pendently  of  the  distribution  fu.no sion  present,  one  obtains  from  tho 
adhosive  for^o  tho  true  average  particle  diameter.  In  the  case  of  powders 
containing  very  fine  portions  (grain  diameter  a  few  ;J.  )  it  may  happen 
that  tho  coursor  grains  are  to  a  certain  extant  "frosted8  with  a  very 
tightly  adhering  layer  of  very  fine  particles.  In  this  case  the  adhesive 

(2)  Since  the  else  of  the  Individually  used  slide  surfaces  wore  different, 
we  also  entered  in  the  Table  ths  value  B/F  (adhesive  force  per  unit  surface) 
so  as  to  obtain  comparative  H  values. 

(5)  The  base  used  was  a  compressed  magnesite  briquet <60  .  lO*^  cm.  Com¬ 
pression  pz  -«ure  was  6,000  kg/cet^. 


force  gives  the  grain  size  of  ti  -  ....  particle,  since  it  is  thcco  that 

iCo  in  contact  with  the  base  and  v  ..ccioivo  for  the  adhesiveness . 
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fig. 5.  Adhesive  Force  in  the  Case  of  Mixtures  of  Tu»  Adhesive 
Magnesiho  Powders.  1)  Measured  2)  Calculated  3)  Adhesive 
Force  4)  Composition  of  Micrture 


i^porimental 

Tho  powder  layer  should  a a  ail  points  be  equally  thick  and  _„s 
surface  as  even  as  possible.  This  is  best  accomplished  by  neons  ox'  a 
uniform  appjlcation  of  powdor  through  a  sieve  (powder  layers  which  „.ra 
evened  e.g.  by  pressing  with  a  flat  object,  do  not  adhere).  By  application 
of  layers  of  different  thioknesc  a  nay  be  readily  varied  and  sub¬ 
sequently  doteinined  accurately  y  ighing  in  a  snail  weighing  dish. 

The  corresponding  sliding  anglt  s  r^;.d  off  by  neans  of  a  protractor. 
Between  individual  measures  onto  our.dution  support  is  cleaned  as  well 

as  possible  in  a  dry  •  tanner  (fc  ..plo,  brushing).  Changes  in  atmo¬ 
spheric  humidity  may  bring  abort  .tuitions  in  the  measured  values  of 
K,  but  apart  from  extreme  humica  y  vols  these  fluctuations  are, 
according  to  our  experiments  per: 'or., d  so  far,  never  so  great  as  to  l^od 
to  substantial  errors  in  tho  detrr.i. cation  of  grain  size. 

Summary 

The  adhesion  of  a  powder  _a  brought  about,  in  addition  to  friction, 
also  by  an  adhesive  force  H  which  i~  inversely  proportional  to  grain 
diametor.  The  proport iornlity  fa:toa  h  is  a  material  constant  characteristic 
of  a  given  powder  /foundation  sys  .....  and  has  the  dimension  of  surface 
tension.  When  h  is  known,  the  av.  rage  grain  diameter  of  powders  of  un¬ 
known  grain  size  rosy  be  date  rain  a  by  adhesion  measurements. 
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